The aim of this study was to evaluate the economic impact of the disease by using milk production records and to determine the serotypes circulating in the region during 2015. Sampling was done from different outbreaks initially on the basis of clinical signs and later reverse transcriptase-polymerase chain reaction (RT-PCR) was employed for the conformation of FMDV genome. Out of total 88 samples, 73 were found positive which were then serotyped into type O (n=44), Asia1 (n=18) and A (n=06). The economic impact was analyzed by recording milk loss at four affected farms. Their average milk yield was observed 9.2 liters before the onset of disease that decreased dramatically after the disease. Milk loss of 225 and 195 liters was recorded for buffalo and cattle respectively, during 70 days of the study period.
Pakistan is one of the top (42 million tonnes) milk producing countries in the world and 95% of milk comes from small peri-urban and rµlers livestock farmers (10, 11) . Main milk producing animals are buffalo and cattle contributing 62% and 34 % respectively. Production of milk from cows increased (from 7.42 to 9.4) million tonnes. 35 million peoples are involved in livestock and obtain 30-40% of their income (9, (12) (13) (14) . The current study focuses on effective diagnosis and calculation of economic loss due to a decrease in milk production. Very few studies on economics importance of this disease are present, although the disease is very old in its origin (15) . Studies revealed 20% to 24% loss in milk production in cattle and 19% in sheep (15) . Local cattle breed showed 35%, cross breed 17% and Holstein Friesian 37% decrease in milk production (16) . FMD caused 19% milk loss in turkey (17) and 25% in the UK (18) . Post-FMDV 216 to 370 US dollars loss was recorded in a study of 62 Cambodian farmers (19) . FMD caused 7.6% to 10% burden on the income of poor livestock farmers. This interview-based study revealed that 84% of the farmers agreed to pay 1.3 US dollars/animal to protect their animals for six months (20) . In Pakistan, if we invest one US dollar on vaccination we can save milk loss of 5.7 US dollars (21).
Materials and methods

Sample collection
Total 41 outbreaks were recorded during this study from district Faisalabad and 88 samples were collected in autoclaved plastic vials having a 15 ml capacity filled with 8-10 ml glycerolized buffer saline. Detail of the samples collected is given in the table 2. Samples were brought to the lab by keeping in the icebox and stored at -70C for further processing.
RNA extraction
RNA extraction was carried out with the help of PavorPrep Viral Nucleic Acid Extraction Kit (Favorgen, China) according to Manufacturer's protocol. Briefly, 570µl of lysis buffer is added to 150 µl of sample (serum/epithelial tissue supernatant) and incubated for 10 minutes at room temperature. Then ethanol (750 µl) precipitation is carried out after which RNA is transferred to silica based column and centrifuged at 8000g for 1 min. One washing with 500 µl of wash buffer1 and two with wash buffer 2 was carried out on 8000g for 1min after every washing. After washing RNA was eluted using 35µl elution buffer in a centrifuge tube for 2 min at 8000g and stored at -70º C until further use. 
Complementary DNA Synthesis (cDNA)
Fermentas Revert Aid First Strand cDNA Kit was used for cDNA preparation. Briefly, 5µl RNA template was incubated with 1µl of random hexamer primer (0.2 ug/µl) and 6µl nuclease-free water at 65º C for 5 minutes than ice chilled and short spin. After that, 5X reaction buffer 4µl, Ribolock 1µl, dNTPs (10mM) 2 µl, revert Aid (reverse transcriptase) 1 µl were added into it and incubated in PCR machine with 25º C for 5 minutes, 42º C for 60 minutes and 70º C for minutes to terminate the reaction. After synthesis, cDNA was stored at -20 C for future use.
PCR
cDNA was subjected to the general FMD detection primers (1F, 1R) as well as typing primers using following procedure: 1 µl cDNA, 1 µl Forward primer (1F) (10 pM/µl), 1 µl Reverse primer (1R) (10 pM/µl),5µl 10X Taq polymerase buffer, 5µl MgCl2 (25mM),1µl 4X dNTP mix (10 mM each), 0.2 µl Taq plus DNA polymerase (5U/µl) and 35 µl Double Deionized water (ddH2O) in a micro PCR tube. Thermal cycling conditions were 94º C for 10 min, followed by 35 cycles at 95º C for 45s, 55º C for 45 s and 72º C for 45s. A final extension was carried out at 72º C for 10 min. (22, 23) .
Economic study
Milk production data were collected from 4 farms (Total no. of the animals were 75) at different FMD outbreak locations. Data of 22 clinically affected animals (10 buffalos, 12 cattle) was noted for 70 days by interview and follow up. The diagnosis was done primarily based on clinical signs that were later confirmed by RT-PCR. Data was collected in the form of a questionnaire and visit of the location. The questionnaire consists of two parts; first deal with the name, address and no. of animals at the farm while the second one deals with the milk production data of the animals. The focus was affected animals and their data collection by follow-up. The measurement of milk was done in litres usually used by the farmers to sell their milk. Milk price varies with season and during this study period; it was kept according to the Faisalabad market, i.e. 0.4 USD for cattle and 0.5 USD for buffalo per litre milk for economic loss calculations.
Results
Consensus primer pair 1F and 1R was used for the detection of the FMDV while remaining primers mentioned in the fig. 2 ) for serotype O, Asia1 and A respectively with typing primers was found when electrophoresed by 1.5% agarose gel (Invitrogen, Carlsbad, USA), prepared in 1×Tris-borate-EDTA buffer and stained with 0.5 g/ml ethidium bromide The amplification products were visualized using a transilluminator at 302 nm. 
Economic study
Not all questionnaire data is presented there only milk production loss is shown in Table 3 before and after the outbreak of FMD. Vaccination was absent in the majority of outbreaks and was irregular in some. Out of total 75 animals, 22 were found positive for FMD by laboratory diagnosis.
One of the main signs of FMD is a sudden drop in milk production. In this study, data of 22 lactating animals were recorded for 70 days by follow-up. Buffaloes show more decline and slow recovery in average milk production (Fig. 4) as compared to cattle which shows a rapid decline, but quick recovery (Fig. 3) . In general, both graphs depict abrupt decrease in milk production at day 5-7 after the FMD outbreak and gradual recovery takes place in 65-70 days (Fig. 5) . Predicted value was calculated as the mean value of production at pre-FMD (day 0) and day 70 which showed a linear trend. Total loss of 225 litres (51% of the predicted value) per lactating buffalo and 195 litres (31% of the predicted value) per lactating cattle was recorded during 70 days of this study period. Total loss of 2061 USD (per litre price of ilk was kept 0.4 and 0.5 USD per litre for cattle and buffalo milk respectively) was recorded in 22 affected animals. We assumed expense of good quality vaccination is equal to 450 USD (3 USD/Dose) for all 4 farms (75 animals) annually (the vaccination rate was keptr). Milk production twice a year).
The ratio between predicted milk loss and vaccination was 4.58 that means that 1 USD spent on vaccination could save 4.58 USD of milk loss. Figure 4 : Map depicts outbreak zones of 10 Km radius that were generated using Google earth software. 
Discussion
Out of total 88 cases detected positive for FMD based on clinical signs in the field, 73 was found positive in the laboratory. This indicates an accurate clinical diagnosis by field veterinarians in 83% cases, which shows sufficient skills of field staff of Livestock Department of District, Faisalabad. This also reveals that signs are so prominent/severe in most of the cases to facilitate diagnosis. Serotype O was found most frequently (60%) for the outbreaks studied, followed by serotype Asia 1 (25%) and then serotype A (12%). Five samples that were found positive with consensus primers were not typed by the typing primers. This shows that there is a need for the development of regional typing primers as the virus differ from region to region and conserved portion of the virus genome in one geographical setting may be not so for the other one. Different parts of the world have developed their own consensus as well as typing primers (22) . Buffer zones for FMD ring vaccination are kept of 5-10 km radius (23) because FMDV spread is predicted to cover a distance of 10 km (24) . This finding is used to predict the zones of 10 km radius in Faisalabad district that illustrate that zones are intermingling with one another and it is very difficult to distinguish their boundaries indicating that almost whole study area is in the reach of FMDV because of these reported outbreaks. In this economic loss study, only the milk loss was considered. Other losses due to FMD, such as weight loss, mortality in young calves, abortions, etc. were not included in this study. The study of economic losses due to these can emphasise more on the need of need of regular vaccination in the country. However, only milk production losses indicate that if one USD is spent on vaccination, it can save 4.58 USD of milk loss.
